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EXECUTIVE SUMMARY 

Visceral leishmaniasis is a disezse that infects people and dogs and can be !.!a;. 

Dogs and wild canine species are tile rliajor reservoir for thas d~sease. ~ . i . , ~ z n  ,s 

transmitted to people by sand flies. A n  outbreak of visceral leishmaniasis took 

place in central Israel and the Palestinian Authority during the last decade. The 

project 'Visceral leishmaniasis in the West Bank and Israel - distribution and risk 

factors, using GIs" is intended to reveal the ecological factors that determine the 

geographical spread of visceral leishmaniasis. We are employing a geographical 

information system (GIs) analysis to  investigate how these factors affect the 

presence of visceral leishmaniasis, in order to be able to forecast where this 

disease might outbreak. 

During the second year of the project, a database on sandfly species in Israel 

and the Palestinian Authority was created with more than 14.000 flies from 44 

trapping locations from the north t o  the south. Leishmania infanturn DNA was 

detected by a molecular method in some sandflies species that act as disease 

vectors. The sandflies distribution is a key element for the understanding of tne 

epidemiology and spread of visceral leishmaniasis. Databases on human and 

canine visceral leishmaniaiasis have been created and the prevalence of infectjon 

in the domestic dog and wild canids populations were determined. A non- 

invasive molecular technique for the detection of infection in dogs was 

developed, and comparative genotyping of parasite isolates from the Palestinian 

. .. .~ . . , 
> .  .. . B ~ . %  . l .  , I . r ~. .,. . ! . .  ~. , .. . .  . - .  . 

that the recent disease outbreak was a result of local infection possibly due to 

incursion of humans into animal habitat, and not due to migration of infected 

animals from the northern disease focus. Risk factors for the disease wil l  be 

assessed during the last year of the project when the distribution of infection wil l  



be analyzed with the data on sandflies and geographical environmental maps. 

Ccllaboration between the Palestinian and lsraril sc!ent!sts has Deen ccr~r.?;.c-s 

and a Palestiniati-Israeli spatial analysis workshop .vas hrid L Y I ~ ~  a /aree niiiiiber 

of Palestinian student participation. 



SECTION I 

A) Research Objectives 

1. Determinatio~i of the impact of geograpii~c and environmental factors ol i  
the prevalence of visceral leishmaniasis in Israel and the West Bank 
(Palestinian Authority). 

2. Determination of the potential importance of the presence of certain 
reservoir hosts and vector sand flies for the SDread of the disease. 

3. Employment of geographic information system (GIs) and spatial statistics 
for the analysis of risk factors and devising a model that would predict where 
disease outbreaks may occur. 

BI Research Accomplishments 

The project has accomplished these goals set for the second year: 

[A] Sandflies database - A survey leading t o  the creation of a large database 
on sandfly species in lsrael and the West Bank has been carried out. 

The purposes of this survey were: 
(1) To map where sandflies are found in lsrael and the West Bank 
(21 To investigate what sandfly species are found in different 

geographical locations. 
(3) To map where the sandfly species that act as vec;ors !or 

Leishmania infantom are located. 

The distribution data on sandflies is a key element for the understanding 
of the epidemiology and spread of visceral leishmaniasis and risk factors 
for this disease. 
The database that w e  have formed includes a total of 8,396 sadnflies 
that were collected and analyzed during the project's duration. In 
addition, for the purpose of adding information on additional sandfly 
locations, we have added 6,332 sandflies that were caught during 
earlier times and were not analyzed, or analyzed in  p a n  and ~leeded a 
revision on their speciation. In total, 14. 7 2 8  sandlfies from 44 
locations were analyzed (see table no. 1 and figure 1). 

Table 1 - Numbers and locations of sandflies caught and analyzed 

0 . 7 0 C  I ? ,  . > < L . . .  . . . . , . . . . I .  , . . . , 

I sandflies caught prior t o  the study i 6.332 j 
and re-analyzed I 1 
Total number of sandflies trapped ' 14,728 ] 

/ Number of t r a ~ p i n s  locations in the i 1 6  . .  - 
I West Bank (Palestinian Authority) I 

1 

Number of trapping locations in j 2 8  1 
/ Israel 
$ Total number of trapping locations 44 



The vectors of L. infantum in our region and the eastern Mediterranean 
are Phlebo?omos tLaroussius) pertil~evf!. Ph!ebo?onlus (Lar I neg!ec?:is 
Phlebotomus (Lar.) syriacus and Phleboromus (Lar.) robbi. The 
preliniinary results of ttie study show that these 4 species are i o ~ n o  in 

the West Bank and Northern and Central Israel, and their presence 
roughly parallels the spread of canine and human visceral leishmaniasis 
-5  est=$liqherl .;p?r 1 ~f th;+ n.rn--  l f :nc.rn '- ; A "  -.-- PCP 

, . J " '  

performed on wild-caught Phlebotomus perfiliewi and Phleboromus 
syriacus in the West Bank disease focus of Jedidah has detected L. 
infantum DNA in these t w o  species, indicating these t w o  vectors are 
probably of importance in  transmitting visceral leishmaniasis in the \Vest 
Bank (Appendix no. 11. In contrast, Phlebotomus papatasi, the vector of 
Leishmania major, a causative agent of cutaneous leishmaniasis. was 
found mostly in the Jordan valley, Jericho and Arava, where visceral 
leishmaniasis is not present. The originally planned sandfly ELSA for 
detection of Leishmania parasites in sandflies was replaced wi th a more 
advanced technique of direct PCR to detect Leishmania DNA in 
sandflies. Direct PCR has the advantage of enabling the speciation of 
the Leishmania parasites in the sandflies by  DNA sequencing or PCR 
and restriction fragment length polymorphism (RFLP). 

The findings on sandflies will be analyzed in more detail during the third 
year of the project, however, they provide important evidence for the 
role of sandfly species populations in the spread of visceral 
leishmaniasis in the Palestinian Authority and Israel. 

(81 Analysis o f  isolates, speciation and  qenotyping 

Thirty seven L. infanrum strains isolated from dogs or humans in northern 
Israel, the West Bank and central Israel were studied uslng random 
amplified polymorphic DNA - polymerase chain reaction (RAPD-PCRI or 
DNA fingerprinting w i th  the human multilocus probe 33.15. The origins of 
the outbreak of leishmaniasis in  central lsrael and the West Bank were 
investigated by examining genetic polymorphism in analysis of the 
patterns obtained by  RAPD-PCR or DNA fingerprinting and compared t o  
isolates from the older focus in Northern Israel, where this disease was 
known for decades. Analysis generated three clades, but the strains were 
distributed differently by each method. No correlation was seen between 
clades generated by  RAPD-PCR and geographic origin of the strain. 
However DNA fingerprinting separated the strains geographically into 
northern (clade A) and central (clade B & C) genotypic groups. These 
_ _ _ I . ^  , . _ _ _ .  .. _ _ 1 _  _ _  I . 8 . .  . . . . . _ _ .  _ .  . .-.. > , . . ~ . ~ . , ,  , ? .  . \ . .  . . 

the Palestinian Authority is not due t o  parasite spread from the old 
nonhern to the new central focus. The re-emrgence of the disease might 
be due to changing ecological and environmental conditions leading to the 
increased human incursions into and modifications of existing habitats 
where sylvatic transmission was taking place. 
This p a n  of the study has been submitted for publication in a leading 
scientific journal. 



lCI Human and canine leishmaniasis databases 

Databases on the cases or canine and huntan Ie!st?man~as~s rn israe! a?:! 
the Palestinian Authority from 1994 to the present year have been 
constructed and are cofitinuously updated and anatyzed on a rr,or,ihjy 
basis. 

(1) Dowest;r dogs darat?.'se - ' 6 sases of r 7 - k ~ ~  lei$hn?naiz:< :, e-  
recorded from 1994 t o ~ p r i l  of 2004. All cases were diagnosed by  
positive serology and most were also positive by  culture and'or PCR. 
The average annual number of cases was 1 6  (range 1 in 1994 - 3 3  in 
2000). These included infected dogs detected by passive surveillance, 
referrals from local veterinarians suspecting the disease, and by active 
surveillance in foci of the disease. During 1994-2003. canine 
leishmaniasis was detected in animals from 47 locations in central and 
northern lsrael and the West Bank. Of these cases, 2596 were from 
northern lsrael and 75% from the central region. Ninety percent of the 
cases originated from rural settlements and 10% from urban settings. 
A clear overlap was found between the regions in which canine and 
human visceral leishmaniasis are present. Interestingly, no clinical 
human cases have been found in some of the most active canine foci 
of the disease in lsrael such as the villages of Nataf and Klil, i3.kereas 
in  West Bank foci of active human visceral Ieishmaniasis, only a few 
infected dogs are found. These interesting findings warrant further 
research and may be related to different nutritional conditions of 
children (the main risk group for human visceral leishmaniasis) or to  
environmental factors. 

A summary of our findings on  canine leishmaniasis was presented 
recently in  a veterinary scientific congress. The abstract of this talk 
wil l  be published shortly in a veterinary journal (Abstract in Append~x 
no. 2). 

A wide-based serosurvey of canine leishmaniasis has been completed. 
This survey was described in  more detail in the first year's annual 
report. It included 936 dogs from the West Bank and lsrael. Six out of 
7 9 0  dogs (0.76%) randomly tested were seropositive for visceral 
leishmaniasis. and 22 of 146 (1 5%)  from disease foci were positive. 
This study indicated that visceral leishmaniasis is mostly a focal 
disease, and dogs from disease foci are more likely to  be infected than 
dogs randomly selected from the general dogs population. However. 
the number of disease foci as shown in the database of infected dogs, 
7 -  : ---I .,., -1'- .--- ' "  - . . . - - a  :,. -.-.. 8 . - ' -  1- . :  .& 8.-.. . .: . . .. . .. . . . 

and northern lsrael and the West Bank. 

(2) Human database - 

(1) West Bank database - A general database of human visceral 
leishmaniasis cases from 1 9 9 4  to the present year (2004) 
includes roughly 150 cases. In order to  get more specific 
details on the location of each patient (by village, not just by 
district as is reported by the Palestinian Ministry of Health), we 



have investigated each district separately and are in the initial 
stages of forming a detailed database. We have detailed 
databases for the districts where visceral !e!shrnan:as~s s tee 
most prevalent and are expecting to  finish the database from 
all the districts bvithtn one month. In the Hebron area, ou: 
database includes 51 cases of human visceral leishmaniasis 
from 1 3  different villages. In the Jenin region. it includes 50 
c2s-s f rc- .  I D l t : e ~ f ~  '.;ere ?!I ck-'?..-.- 7 7 , .--.g - -  .~ . ~ 

younger (age range 1-1 2 years; median age - 2 years). 

(2) m- Fourteen cases are currently in the database. These are 
mostly young children as in the West Bank. 

The number of human infantile cases of visceral leishmaniasis 
in  the Palestinian Authority is higher than we initially expected. 
Further analysis on the locations of patients and risk factors for 
the disease will be carried out in the third year of the project. 

(3) Wild canine study - Sera from wild canids ( jackals, foxes. 
wolves) caught by the National R e S e ~ e s  Authorities were 
analyzed for seropositivity to  Leishmania infanturn. This 
component of the study has been completed. Of 158 iackai 
(Canis aureus) sera, 7.6% were seropositive. Of 93 fox 
(Vulpes vulpesl sera, 2 %  were seropositive, and of 1 6  wolf 
(Canis lupus) sera, 1 16%) were seropositive. 

ID1 Improved molecular diagnosis of canine visceral leishmaniasis - 

We have found that detection of Leishmania infanrum infection in dogs by  
non-invasive PCR using samples taken by a cotton swab from the 
conjunctiva, is superior t o  invasive diagnosis by aspirates from the spleen 
or by PCR of blood. This new technique was developed during this project 
wil l  be useful for prevalence studies and also for direct diagnosis of 
infection in dogs. 
A paper on  this study was recently published in the Journal of Infectious 
Diseases (Appendix no. 3). 

[El Training: Palestinian-Israeli Workshop on Spatial Analysis of Infectious 
Diseases 

A three days Palestinian-Israeli workshop on spatial analysis and GIs 
(geographic information system) techniques in the study of infectious 

. _ . , . . .  _ P . . . . .r  .-'. - m n -  ' .  .. :.-. ._  - _ _  . . .  .. . .,. . . . .. . . . .  
The aim o f  the workshop was to  study and practice spatial analysis 
techniques as tools for epidemiological research with special emphasis on 
vector-borne diseases, in  particular leishmaniasis. The workshop was 
attended by  1 6  participants of which 1 0  were Palestinian. 4 Israeli and 2 
Americans. Prof. Mark L. Wilson from the Department of Epidemiology. 
School of Public Health, at the University of Michigan, Ann Arbor, who is the 
spatial analysis consultant for this project, tutored most of the lectures and 
practical sessions in the workshop. Several sessions were devoted t o  group 
discussions of the students' projects and the implications of spatial analysis. 



Some more time was spent on direct counseling of individual students. The 
participants were encouraged t o  describe their projects and future plans to  
the whole group, and received comrnerts and suggesrlons from tne~r  peers 
and seniors. A session was also devoted to the use of on-line internet 
resources for spatial analysis. A report on this worksllop was addea as ail 
appendix to  the July 2003- December 2003 semi-annual management report. 

!Fl Disease fcri  sturlier 

A study of micro-environmental data collection and analyses by  GIs in 
positive and negative village foci for VL which are disease foci was carried 
out in  Nataf in Israel and Jdidah in  the northern West Bank. In addition. 
epidemiological information was collected in more 'positive' villages 
including Klil, Niii and Sirs and in  'negative" dog village populations. The data 
collected in the foci is under analysis for risk factors of infection. Preliminary 
results of these analyses suggest that ownership of farm animals and poultry 
may be risk facors for canine and human visceral leishmaniasis on  a focal 
scale. 

[El GIs anatysis of macro-environemntal data - 

This final component of the project involves the overlying of rhe disease 
distribution map over environmental database maps (topography, land use. 
temperatures, soil types). A n  important p a n  of this component is the overlay 
of the sandfly species distribution map formed by the data collected in the 
first t w o  years of this project (section [A l l  over the disease distribution map 
and the environmental maps. Analyzes of the distribution panern of the 
disease facilitate the determination of risk factors. Initial results from the 
disease distribution comparisons indicate that visceral leishmaniasis in dogs 
and humans is mostly present in  the central and Northern Israel and in the 
central hills of the West Bank (Figs. 1 & 2). The foci are mostly in hilly or 
mountainous regions wi th a cooler climate, and generally away from deserts 
and from the coastal plain close to  the Mediterranean. Also. most infected 
dogs and humans are from rural villages and not from urban settings. 

B) Scientific Impact of Collaboration 

The connection between the Palestinian and Israeli principal investigators 
remained intensive during the project's second year. Prof. Abdeen and Dr. 
Baneth communicate by  phone or e-mail on  a near to  daily basis. In addition to  
that, meetings t o  discuss the research progress are held roughly every month. A l  
m , . . . , . . . . 8 . .  . . . -  . I .,. ^ _i .._'. 

. ~. . , . . ~ 

other. The meetings often include students and other research collaborators. The 
closeness of the partners' research institutes is an advantage that allows a 
strong cooperative capacity wi th exchange of students and scientific techniques 
know-how. Testing for the visceral leishmaniasis such as serological analyzes. 
PCR for Leishmania DNA and culturing of parasites are often performed by one 
side for the other, and the Palestinian laboratories have attained the capacity to 
perform these tests. 



Prof. Mark Wilson from the Department of Epidemiology, University of Michigan 
in Ann Arbor. the GIs advisor to  the project, has visited the Hebrew and Al  Quds 
Univers~ties tor a second rime 111 Septen:hcr G I  ~ i ~ C l . 3 .  U~:r i rg rne >ec:el.re- . I S - :  

an Israeli-Palestinian GIs workshop was neld. Both visits included meertngs w t n  
Palestinian and Israeli studenrs and "isits to f~eld sites. These ac:ibit,es ;Ui;hsi 
strengthened the collaboration between the Israeli and Palestinian scientists and 
their research teams. 

C I  Description of Project Impact 

The project's results will be used for understanding where in Israel and the 
West Bank does visceral leishmaniasis occur, to  identify the ecological risk 
factors and for devising a model that would help predict where disease 
outbreaks may occur in  the future. 

The data that has been collected during the first t w o  years of the project is 
extensive and includes a large number of sandflies collected in multiple locations, 
a thorough investigation on the prevalence and distribution of human 
leishmaniasis in the West Bank and Israel during the past decade, a wide-based 
database on clinical canine leishmaniasis and a serosurvey of dogs and wild 
canids. This data reveals that the disease is even more prevalent and widespread 
than expected when the project was initiated. The main risk of hznian disease is 
clearly in the West Bank with over 150 cases during 1 0  years of the potentially- 
fatal infantile disease. Spatial analysis of the data collected in the project's first 
t w o  years will be processed during the last year of the project and will facilitate 
a summary of the epidemiology of visceral leishmaniasis, identification of risk 
factors, and formulation of precautions to be taken by  the local health 
authorities. International dissemination of the knowledge gained on visceral 
leishmaniasis in the West Bank and Israel in this project is made by scientific 
publications (Appendix no. 1) and by presentations in  !ocal and international 
scientific congresses (Appendix no. 21. More mutual Palestinian-israegt 
presentations and publication will follow. 

D) Strengthening of Developing Country Institutions 

Research in the Palestinian Authority is conducted by  Prof. Abdeen in the field 
and laboratory in  close cooperation wi th the principal investigator (Dr. Banetht 
from the Hebrew University. The research program involves Palestinian students 
and technicians at Al  Quds. These students and technicians have been trained at 
the Hebrew University, and are directly involved wi th research at the Hebrew 
University. 

. .  . .? ".,I*-+:-:-- - + , . A A - .  ',....#, . .A  :- *L:- -.. * f l -  C .  hn:- 7 - # - . . - -  - -  --.- - - - *  - -  
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in a Masters of Public Health (MPHI degree program at the Hebrew University 
School of Public Health. Before entering the MPH course, Suheir trained for 3 
months in molecular techniques for the detection of leishmaniasis at the Hebrew 
University. Ms. Kifaya Azmi, a Palestinian technician at the Al  Quds University 
medical lab has trained in  the Hebrew University and is currently performing 
ELlSA assays and isolation of Leishmania strains in  Al Quds. Ahmad Amro, 
another Palestinian student, has carried out the epidemiological data collection 
on human leishmanisis in the West Bank and keeps in close contact w i th  Dr. 
Baneth. 



The Israeli-Palestinian GIs workshop held in September 2003, in which 10 
Pa!est~n~an scuaenrs atr~i~areo ivtrn A, utrds un:ve:st~y p-.lr.c!careu. ::.:s . I ! - .*~-,  > .  

important aspect in the strengthening of the Palestiman research capac~ty. The 
direct tutoring of students, group d~scussions an3 deiiior:sr:a?:on c i  Lse ci 
internet resources for research were helpful for students in improving their 
research projects. 

El Future Work 

The project has achieved the goals set for year 1 and 2. Large databases have 
been created, data has been mapped and molecular analysis of Leishmania 
isolates has been carried out. The major goal ahead is the analysis of the large 
amount of data collected in the first and second years and the interpretation of 
the results. Some of the initial data collected and the molecular techniques that 
were developed, such as the non-invasive PCR have already been published by  
us. However, there is more information t o  be presented at future international 
scientific congress, and in the form of scientific manuscripts authored by the 
Israeli and Palestinian principal and co-principal investigators, together wi th 
research students. 

SECTION II 

A) Managerial Issues 

Despite the difficult political situation in Israel and the West Bank, the project 
has progressed and has reached it's final year with fulfillment of the research 
plan made. Entrance permits into Israel for students from the West Bank wishing 
t o  reach Jerusalem are difficult t o  get at times. These permits are also restrictive 
and often allow the Palestinian students to stay at A l  Quds or rhe Hebrew 
University during certain hours and not overnight. Movement within the West 
Bank is also complicated at times due to the road blocks and inspection points. 
However, it is still possible t o  collect samples such as dog sera and sand flies, in 
the West Bank. When direct communication between the researchers and 
students is difficult, transfer of data is done via telephone and e-mail. 

B) Budget changes 

No major budget changes are currently needed. 

C) Special Concerns 

No protocols addressing the special concerns analysis made when the project 
proposal was written have been changed. 

D) Collaboration. Travel, Training and Publications 

During the second year of the project, collaboration between the Palestinian and 
Israeli researchers and students commenced and intensified. 

1. Mutual researchers contacts and meetinqs - 



The principal Israeli and Palestinian investigators keep in touch on a regular 
basis and meet frequently to discuss issues related to the project and its 
progress. The prinical investigators nave also coilahorated in :.tr:r.ng sc:c:-r' 5 

manuscripts (Appendix no. 1) and congress presentations (Appendix no. 2). 

2. Training - 
Much of the technical training of Palestinian technicians and students in 
animal handling and l?boratory t~chni?,!es ':'3s c a r r l e h , , . . t  * * r : r ?  th= f:.c. 

year. The second year laboratory trainicg included training in  performance of 
serology by  ELlSA and PCR on tissues and sandflies. 

In addition, a three days workshop on Spatial Analysis and GIs was carried 
out in September of 2003 and tutored by Prof. Mark Wilson from the 
University of Michigan (please see the July- December 2003 semi-annual 
report). 

3. Travel - 
Travel for the purpose of this project was restricted to local travel to  field 
sites for the purpose of data and sample collections. This took place by  both 
Israeli and Palestinian research teams. The international travel included in this 
project is Prof. Wilson's visit from Michigan to lsrael. 

4. Publications: 
T w o  papers were published during the past year wi th partial support from 
this project. An additional research manvscript on the genotyping of 
Leishmania isolates has been submitted for publication. A research abstract 
from a scientific congress has been presented wi th full support from the 
project and will be published. Next year, we expect to  submit one or t w o  
manuscripts summarizing the project's findings and conclusions w ~ t h  full 
support from the US-AID CDR program. 

(1  1 Jaffe CL. Baneth G, Abdeen ZA, Schlein Y, Warburg A. Leishmaniasis 
in  lsrael and the Palestinian Authority. Trends in Parasitolgy, 2004, 
20: 328-332. 

This paper is a review on leishmaniasis in lsrael and the Palestinian 
Authority. It was published in the most highly ranked parasitology 
journal. This review deals with both cutaneous and visceral 
leishmaniasis and describes some of the findings made during the 
project's earlier stages, in addition to findings made by  other 
researchers (Appendix no. 1 I. 

0 . .  + P 4 A . 4 :  b . .  A A I 8 T L -  . . .,.. ~.. . . . .. . . 

epidemiology of canine visceral leishmaniasis in lsrael and the West Bank 
- an update. To be published in  the Israel Journal of Veterinary Medicine. 

This abstract was presented at the 2am Veterinary Symposium in April 
2004 at Beit Dagan, Israel. It describes our findings on canine visceral 
leishmaniasis during the first and some of the second year of the project 
(Appendix no. 2). 



(31 Strauss-Ayali D, Jaffe CL, Burshtain 0, Gonen L, Baneth G. Polymerase 
Chain reaction using noninvasively obtained samples, for the detection 
of Leishrnanra rnfanturn DNA in dogs. Journal of lnfecr~ous 0:seases 
2004, 189: 1729-1 733. 

This manuscript was published by  Dr. Baneth's research group on 
conjuctival PCR. This non-invasive technique was developed wi th partial 
sup-or. from t h e  USA.!? CDR program >c.( ;s = Is0  k e ; r ~  -r..':? . . -c::  5.:. 
the Palestinian research team (Appendix no. 3). 

Requests for American Embassy Tel Aviv or A.I.D. actions: 
We have no special requests at this stage. Thank you. 
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Fi,we 1 - Locations of sandtly trapping in Israel and the West Bank 
(Palestinian .4uthority). Trapping at cIose sites were marked with a single 
sizns. 
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Figure 2 - A  schematic presentation of the distribution of \-isceral leishmaniasis in 
dogs (circles) and humans (stars) in Israel and the West Bank. The distribution of 
infection in dogs is arranged according to the >ear of initial detection in the difffwnt 
disease foci. 



Leishmaniasis in lsrael and the 

Charles L. Jaffe', Gad ~aneth', Ziad A. ~ b d e e n ~ ,  Yosef Schlein' and Alon warburg' 
'Depanment of Parasitology. Kuvin Centre !ar the S t ~ d v  of lnfeit~ous and Troptcal Diseases. 
Hebrew Unlvers:ty-Hadasrah Medical School. PO 30r !2272. Jerusalem 91220, lsrael 
'School cf  Veterinary Meoicine. Hebrew Un~versiiy of Jerusalem. PO 301 12. Rehovot 761i10. Israel 
'Depanment of Comrnunrv Heaith. The Al-Duds Nu:ritlon and Hea:th Research Cenler. Facut? ol  h'ez c r e  k C-5s 2" \?-r r, 
Hind Husseir~ Bui,ding. PO Box 51000. Abu-Oeir. West Bani ?~;er:lnsan Authcrbiy 

Cutaneous and visceral leishmaniasis in the  Middle 
East has been known since the early 1900s. Recent 
epidemiological studies show that  they are re-emerging 
a s  important public health problems in areas long 
believed t o  be  disease free. Cutaneous leishmaniasis, 
caused by Leishmania fropica. has become a significant 
problem in northern lsrael and parts of the  West Bank, 
whereas zoonotic foci of Leishmania major in the 
Jericho area and Negev desert present a threat to 
increasing populations. Canine leishmaniasis, caused 
by Leishmania infantum, is now highly prevalent in 
central lsrael and encroaching on urban areas. Recent 
studies on t h e  vectors and reservoir hosts. in addition 
to t h e  molecular characterization of Leishmania, are 
helping u s  understand the  dynamics of these diseases. 

Lei.h,nc;::n spp. arethc c ~ ~ ~ s z t l ~ e a g ~ n t s  of!~isl~rz::!:i.:~.i. 
parasitic diseases with a wide range of clinical symptoms. 
cutaneous :CL',: mucocutaneous; and uirceral 07,) .  Le~sh. 
m a n i s i s  currently threatens 350 million people in SS 
countries worldwide. with 1-15 million CL and 500 000 

cases reported annually [1;21. In Israel and the 
Palestinian .\uthority, similar to other pans  of the eastrrn 
Mediterr3nean basin. L r i s h m o n ~ a  m a w r  m d  Lr i shn~cnro  
rmprca c3use CL, and Lnrhmonia infaofurn zalrses \I. 
Notification of the Ministry uf Health <XIOH1 of these 
diwases IS required by law in both juri-dictions. but the 
number of CL cases remains cob-istentlp under-reported 
13.41. Thij can wur for s v e r a l  reasons including the fact 
that  CL frequently heds  without treatment. people fail to 
seek medical care, and lack of reporting by phys~cians 
, i n .  1 'I! !-"tit  n.-*-,'. P I . .  i.\ 

r,ar--ca ..r.r- . . . ru6r i .  L u  - L C _ - L I , L . C I I  .U &..Cll*/ ........ ) 

defined a r e a  15.61 with CL occumng primarily in the 
Segev Desert, Jordan and Arava Rift Valleys, and VL 
limited to the Gali!ee region of northern Israel. 
However. recent studies 14.7-9) suggest that the 
areas aKected by these diseases are expanding. and 
probably overlap in many parts of Israel and the 
Palestinian \Vest Bank (Figure 11. 

Much of this new information on lei.hmaniasi5 is a 
result of cooperative efforts between Palestinian and 

Israeli researchers that were ini:>a:ed =-re :?.an 
10 years ago. and have stood t i e  :e: c.f:.;rb2cr.t ::r,e.. 
fundng dificulues and grupoli:icd ubsrailes .iirl 

Cutaneous leishmaniasis 
Ec?!"$c-rl. c!i:~ir?.l. i 2-3 -::::-.zI.?gcx! 
studies on le lshms~asbs  conducted ra Ismei %?d :he 
Palestinian ;\u:hority in the p v t  decade ?.are <on**- 
buted ronsiderably to our underst+nd:ng o;.Les &seaw 
The presence of CL in Jencho r ~ i  dcs:r,er:& x5er.::fc- 
ally 31 the Seginning of the X*.h rer.t;;r.- :1!.1?: Saul 



Adicr I O r k ~ r  Tilcodor stir. I iirst tu 5:uG;; 

Phlebotom~ne sandflies and the role the>- played in 
transmissron of CL in the region 1131. The vector o i  
L. nrajcr (referred to in early papers as L. tropica r r  
c .  . . .  . . :  / ,  " l ' i .  ,>' ' . 

papolnsr 1131 and the ability of Ph. papatost to :ransmrt 
prumasrigotes by bite was proven erpenmentnlly 1141 
Follo\\-in: the 1967 Israel1 administration of :he \Vest 
Bank. CL became a serious problem with the cumber of 
cixilian cases more than quadrupling and peahng at - 125 
that same year 131. A sciond, isrgcr peak of - 250 cases per 
!ear was obsemed in Israel between 1981 2nd 19% 
foilorvinp rllr Peace .Agreement with E p p t  and redeploy- 
ment of the Israeli Defense Forces I IDFI in non-developed 
areas of the IVescern Yegev 1151. Since the 19Ws. the 
inc!denre of CL according to the Israeli .\!OH has 
remained more or less constant a t  between 0 5  and 
2.5 cases per 100 OW with a small peak wcurring in 
1935-1996 131. Information collected by the IDF or>-CL 
shows a trend similar to that found bv the .\!OH 11. Grotto 
et 01.. unpublished. see httpilparasitolop-sm mdhujiac. 
i l ine~v.pape5.htm~. escepr t!>:tt the in~idence :I - r ! I? : , , r ;  i; 
25-60rimes higher than that for civilians 13.161 .A p.nk in 
CLcases in the Pelestrnian .Authority was nlso observed rn 
1955, wten the incidence reached almost 16 cascs p r  
100 000 IJIOH-Palestine, Annual Report '7001. httpJl 
www.moh.gov.pilannual~c20repo~t/graphslgraph6S. 
h t m l ~ .  Stilce 1995. the number of cases in the \Vest Bank 
has steamly declined according to the Palestinian .\!OH. 
reachlng 1.9 per 100 000 in 2000 and 2001 ~http.'i\v\s-x.. 
rnoh.gov ps/annual920reportigraphr/grsph68html1. 
These st:1cisrics published by the .\!OHs or IDF do not 
d!ff~rert..are benveen CL caocrd by I. n : r y r  or !. '--:.irn 

Leishmania major 
Several early studies dealt with the ecolap and pre- 
vention of transmission in arras near Jerichu II7.1YI. 
Later. Schlein et 01. 1191 confirmed the mle ofPh. p.?patarr 
In transmission of L. n ~ a ~ u r  in foci of zmnotlc CL in 

.an to the central Jordan Valley (near Jerichol. in addit' 
the Sege\- and the Arava deserts of southern 
Israel These authors showed that the reseroir  hosts 

::I t lx  .Jct~;u: Yzilcy ::.A h.v.2 ..... z .  !.%: -..::: :.~:.- 
.P.*an~n8onzys & r u .  Figure 2 , .  uhrrezs :l?e]:rJ Jf.--x:<s 
cnasus was an !nponant host :n 1" \\-er:c-. Segev 
redon cloic t n  the Eg\-ptian h r d c r  119.E: in my-.: 

. . . . .  
:n several zoocutsc fwr in jruthzrr. Ilroci S;2:rsdic 
infections ir, Gcrh:!.'us dail\.;r;s 2r.a Sf <-XSLS were 
also r ~ o r d e d  1161 

Ecclogical studies on fwi of L - ; j c -  i3 ,e  :ncicatcd 
that the vector-roinpetenre of Ph ,.cp=:s: 12 ar.3 ce-r. 
habitats is ltnked to .&fir atxi::? rc :&:>:e b.~>.;er 
whereas sandtlies from oases were refra::~? i: :n<ec..:cn 
IP1.22i. Conversely. agriru:ture L?C c:>.ir i::..?.rr;.igr:::c 
disturbances of natural habatat* rps-.:::cj iz t : p i e r  v:! 
humidity appartnrly c-nhance zcsno::: ::a-sc:is:cn :n 
de-wrt foci 1331. This coald exp!rin :he ?ear::; ?n 

tnc~dence of CL catzed by L met-? ;n :::e Srgtv *&en si 
southern Isr2cl 1316' Hoxr-erer. hab.t.1: ---!:f:ar:-n . .~ 
might also be useful :n rcntio!li:g m.i:'.iea 2-:d :ersh- 
o ~ a n i a s ~ a  near haman d i v e l l m ~  :2;: C'eci;; er:::z ;:~r'Li 

c g. Ririnus rornrl:irl>r i fed upon by Pi. ;c.xr;i; I e ~ ~ l z s  
,.,use p.,x3s.:e Cedt i , .  ..ki>erc's -::x: >ZLZ i: 

Bougoini iilin ~ i n b r o .  f q u e x t i y  ~4 :r. <L-'~-- -C.A 

found to cause high n>cna!:ty cfrke sz:t?:es i23:-%!. . . Isoenryme protiler of L. n;z;er i:rr;?& :+:~.s:i* fm:n 
roder.tJ, sandflies 2nd CL patrec:i m *e \I:2C:e tlSr and 
Africa are nmstly zymodemr LOT-l .cr !4C.S.-X :XI. 
slrhough addluonal raeants  ha\.e k-2 i.n<r.r::fiC :2 i l  In 
Israel and the P ~ l e r t i n ~ a n  .Au:hcnry. :t- L -..:.Y- 

vanants ,LOX-1. LOS-2 and LOS-3 :< :ha c x : ~ ~ . e  
6-phosphogluconnte dct.ydrogera* 6-?GD ,\ere i x n d  
in diBerent propraphical areas ren:rz: j s 4 a n  V3::er.. 
.Lava and Segev desens,  12;.~%j. 1I:m rrztr.:iy. ~ ! e  
perniissrveiy pnrned in:crgen:c pcl~-zr~?.~:-p.:~~er.~se 

chain reaction I P P I P - K R I  was :& :.I iisr..---ate 
lxtrveen L napr strams i ron  t h e  g~,~ap+. :  r e p o ~ d  
I301 Brcause Ph. p p a : c r i  is the rm:or Ccr L -:2.r,- :n all 
regions of Israel 2nd the \Vest Ba-k. ;t s A= i;ggis:& :ha: 
the rnlrrohetemgene>ty ohsen.& ans:.p :3e L -;vr 
strains from the Jordan Vallc>-. .&-\-a id Xirev dew- 
could C a rcru!t r:f the d!ffc.rencer in rere? ::: 5-5:s :LWl 



Leishmania tropica 
Until recenrly, relatively little idonnation was available 
on the epidemiology of CL caused by L t rcpj~o in Israel 
and the Palestinian Authority. Outbreaks were not 

. . . , . , . ,  . . ~. 
~ . ~~. . .. . . , .  

' 1 .  . ~ ' .. . 
characteiized, and cases were usually grouped together 
with L. m,ljor 131. Clinically. cutaneous lesions caused by 
L. tropica tend to last longer 16-12 months or longer for 
L. tropica versus 2-6 months for L. n;ojorr and are nore  
di3rcult to treat than those caused by L. ma!or 14.61. 
lforeover. infections with L. tropic0 occ3_cionali>- produce 
\I or \iscemtmpic leis!tnianiasis 131-331. In recent !-ears. 
new foci of CL are emerging in the Galilee reeon of 
nonhern Israel. the Judean de.wn east of Jerusale~n. and 
the Jemn district of the Sorthern \Vest Bank &Figure 11. 
Both urban and rural enriron:nents are affected. but most 
human cases are residents on the periphery of their set- 
tlemenli - their houses and gardens borderingopen ares.<. 

Rock hpaxes  rProenr:a cnpensls. Figure ? I  31.e veN 
numerous in the L tfnpica foci studied to date 19,341. 
Three out of 29 h>-raxes examined in the Galilee focus were 
;n-:rive hy PCR for I. !mrzcn nS.X [PI. :\nd I I. trc,o!m 
isolate was obtained from one infscted hyrm c a p  
rured in the same focus 01 .  S\-obodova and h IVarburg. 
per3 c0mmun.I. 

Two sandfly species were implicated as the vectors 
of L. troprca in the region. In the Galilee focus. both 
Phiebotornus 1~4dleri1;s) arab;cus and Phlrboromas 
rParaphleb!omus!segentr n-ere found naturally infected 
\"th L. troplco, but heavy- infections suggesting ability 
to transmit were found only in Ph. ombiciis 191. To date, 
Ph. arcb;cus has not k e n  found in any other L. lrooica 
I?c.!i !rc!::ding thr -1t:dcnn drier! ffictli :a:hc:re Ph .,.rxentz 
was implicated as the vector with 4 out of 105 females 
harboring L. tmpiro pmmastigotes I341 The relatively low 
prevalenre of L. lrop~co in humans in the Judean desert 
was attnbuted to the reluctance of Ph. ser,oen:~ to enter 
homes and bite humans 1341. Phlebotnrn~s scrpenti was 
also found in an endemic area near the Palrsttnian town of 
Jenin, northern Kest Bank 1351. 

Recent studies using moleciila: tools to characterize 
rhe parasite isolates from patients with CL 130.361 have 
helped to clarify the distribution of L. tmpica and L. nmapr. 
but have raised additional points of interest. Lr;shman:a 
m ; o r  alone was lone considered to be reswnsible for all - 
cases of CL in the city of Jericho and surrounding Jordan . 
Vdsi:ey. >!olecular charactenzation of patient isolates from 
this moon shored that 22 5" of the c n e s  from the ritv 

. . ~. ~~ .~ ~~. . ~ ~ 

were actudlg caused by L tmpica 1371. However. the 
questlon remains rrhether acti\.e L. tmp:ro tranrmision 
also m r s  in the Jordan Va!!ey and the city of Jericho 
rsimilar to urban foci of I. rropica in neighboring 
rountriesi, or are these cases imponed fmm other areas 
cf the \Vest Bank. 

h ishmanta  troprca is genetically a very heterogeneous 
species and strains are readily distinguirhxb!e using 
antigenic, biochemical and molecular irarkcrs 35-401. 
In Israel and the \Vest Bank. heteroger.e;ty In parssite 
characteristics was demonstrated u ~ t h i n  CL foci and 
between them. For exantple, parasite antigens from the 

~ t d r t i x r t ~  1;.1rl "i :h.c t i . . l , ; ~ ~  f - < ~ >  :%!L :::-:v :..::..>. :L 

L. !na,or than to L. tni.p:~-s ..\-hen rxac~.::i-3 ~ri r .g  
n~onoclonal antibodies and ercwtcd faclcr iero:)pitg :9! 
Ho\vever. DSA analysis h>- rer-era1 t e c k r . l z u ~  :.?rr.r:5es 
... . 7 .  . . .  . . i 

Tiberins lanly 15 km awayat thesau.&.ernend ititha f~v"r 
are  anrigenlcally more similar :o L trcp;:= :=.:a:& rx :he 
Judean desert. 110 k n  to the wuth. than :a -,trar::es %m 
the nonhern pan of?heGalllee 5s- : 9 ]  T k r  :feren,p in 
parasite antigens correlates >\-a11 the prcszxce of Aferenr . . puL?ttxe vectors in the r\vo pars  0: t::e Gdiijie f--r_i 

PhIr-br,tnn,t;s arnbtctrs. the proven vecccr ;n 7F.e z a c i e r n  
p a n  of this focur. was not f v n d  in the %::be-? pa-. e i  
:he focus where P h  sprgcnri :j : t ~  s . s ~ h . f c 4  \ ~ : ~ r  
1.4. \Varburg. unpublishedi. F u r r h e ~ . i r e .  ~lei:-;n.ar?. 
resdts of erprimental ldeccors  mctnte  :h: P-. zr-._re-.n 
is refracton. to L rn'pito from the nor.>.+r> wq :I :be 
Galilee focus. but highly zusceptihle to L r r c p : ~  <::n :he 
Judean Desert rY. Svobodova. pen. corr.xtzn 

Genomic 5ngerpnn:ing u;mg a a m - . ~ t e i > i t e  p ' t tq 
t 3 3 1 5 ~  separated the L. troplra swains :?:o : r 3  clzsten 
!hat ,<crc r!!! < ~ : - t , ~ ! l , ~ : > !  :,>.h .:,--.- .::?.:<.?! ,?:<. 
tnbuaon 1341. These groupirgs r e r e  a:so s s p ~ r ? r d  b>- 
other techniques such as ismn:>-me a-- ..., :: .-=.2 .... excx:ed 
factor seroryping, PPIP-PCR and s:ng:e-smzd ccrlcr- 

~ ~ 

n~ation polyniorphisin ! S S C P  anal?r:s :311 
Several strains from CLca-ws in Ihe Jc7.i: d5:r.i: have 

been t>& and were aU :dentzfid as L rn--3:;; 1. Sfi?.~. 
pers. corntnun. I This 1s 111 agreement a.tth rb.e -:is= a r d  
the presence ofPh wrgrrlrr 111 : h ~ s  rego: iE:. 

Visceral leishmaniasis 
Hum?n nnd r2c:re \'I. wrrp 5r=t i ? ~ t ! f f - i  :z  :he <;?t:ic- 
region during the Bri:ish Mandate :n Pi:es~:r.e ra the 
1930s 141.421. A reweu. on \Z in t5e 101% sc&g:ed :ha1 
this di-wane was r~de rp read  ihroughou: :?.e y c c n  u::h 
cases occurring pninar:ly anxrzg . b b  rczzcr..::es i" ;he 
Jaffa. Jerusnlem. Halfa and S a b h  d i i t n t s  :1t' 32:::~ 
the period 1950- 1%. human \I eswn:iai:y 2 ~ s p p 2 3 m i  
from central lsrael and was mnfined to 3 s:ca!e f c c a  iz 
the Galnlec region o i  northern Israel 1 4 4 - 4 6  !i ?I!:?- 
%& Thesis. Hebrew K'niversrty. 1961 .Approsan3:esi:y 
113 cases. alnm: all in >-oung children. .*-ere ; ip ,r tz l  
from many villages tn this region &tween 1933 *ad i%?J 
Hmrever. dunng the past few decades. clir.,c.d h n a n  \I 
in the  Cdilee has declined s i ~ ~ f i r a n t ! g .  On:? s e e r .  ? a s s  . 
were replned from northern lsrael in the :9%. ~:1:2;.~gh 
n~n i~ t f rmn! ic  human \1. -s m n n m  3 r d  ci:::c>i ca?lr:c 

~ ~ . ~. 
paign of jackals and faxes in the late i35i-r 2s. k e n  
frequently ponulatpd .9 be responsible frr  :he d . s l ~ p i r .  
ance of \'L from central Israel IS.471. !:: :here is no 
concrete evidence lo support :his h>po*.e;s 

In 1994. the first caw of sa l ine  \I WM & a p d  ic 
Nataf, central Israel, located 12 km wes: of Jerc-sdez 
iFigure 1; IS]. In the same year. tne Srrt hzr.in I?. c.ase :r. 
:,30years from this repon WL= alssdiagni.se3. S:rce &en. 
canine VL hns been d i a - ~ d  !n 37 loca:!:!es i n  crzrrai 
Israel and >W1F of the human \I c s ~  :n 1s:aeE %re 
orig~nated In this region I4;l A retmrpc::\e stxdy rn 
1959-1999 of 50 liurnan \I caws from :?.e Ji.r:- 9:s:r.c:. 



',\'~.5t E:t:~k>!:,~,.c.l.~ 1,~::k :,I : ~ 2 1 ~ . 1 ~ ~ ~ ~ . ~ u s !  ,.\!:::: ::.~: 
first cases of human and canine \T. appenrcd in 1-rarl ii! 
Human VL cases in the Hebron. Tulkarni 2nd R~n1all311 
districrc of Palestine 3 2 ,  1; and 15 cases. resp+cuvr!yi 
. .. . . , > . . , , . .  .. : . . ,  . . r : 

> 

pajt, most of the cases of canine VL were found in rurzi 
settings but, recently. 3 few cases have appeared in urban 
areas such as Tel Aviv. Rishon Le Zion. l1od1'1n and 
Jerusalem. suggesting that this disease could be making 
inmads into densely popularrd areas. 

.As in other endemic reeiom around the 3ledirerraneaa " 
basin, hulnan \I in Israel 2nd Palestine c ~ u s c d  by 
L. tnfcnrum is prim3rily a dlsr.ue of yoong c!~ildrrn. 
x i th  dogs \Figure 2) and other aild canids acting ns the 
natural reservoir hocts. This epidemiological pattern 
is liable to change because of the .-\IDS epidemic, as  
has happened in southern Europe. where two-thirds 
of the \I cases now nccur in young adulti 20-40 years 
old, co-infected with HIV [4Sl. In Israel. scre1a1 
laishn;on~a-HIV m-infect~ons have Lwen documented 
in the past decade !471: howe\-er. this is not the case 
in the Pnl~stinian Authority where inbn:i!t- \7. rv~nnin.; 
an important cause of morbidity !;I. 

The vectors of L. infa~iturn in lsrael and Palestine 
have not been determined. but several putative rectors. 
Phlzbotornus !Laro:rrs!usI p,-fi!irwl. PhLhtor~ziis ' L l r  1 

nrg:ectu.r. Ph!obotumzrs ~ L a r  oncar ts  and Ph!ubo:o-,us 
(Lar.1 tot.bc have been found in the northern \Vest Bank 
in foci ofcanrne or human disease (351. and L. ir.:ortr~m 
DS.\ was detected by internal-tran.xnhd spacer 
region 1 IITSli-PCR in wild-caught Ph. prfl'lie~ri .tnd 
Ph. syrincuslK. Bader and A. Sasereddin. per;- canmun.' 
Phlpbofomrrs il.nmoicirrsl spp. hnw k e n  in~!>l.icnrcd 
as vectors of L. infanturn in other foci around the 
llediterranean sea 1491. 

LPishmotiia rrr,fani:~rn generally shows less hetero- 
geneity than other species of Leish:nanra !jO.jll In 
Israel. >60 stra!ns of L. :nfontunr hare been isolated 
froni d o p  and humans since 199-1. XI1 the strains were 
identical by ITSI-PCR I361 and had B? excreted factor 
~erot>pes t,ypical of L donocotti complex. A total of 14 dog 
and human swains were also characterized by zymoderne 
analysis. of these thirteen belong to the Sl0Y.l Q-niodeme 
1501. D S A  fingerprinting and microsatellite analysis of the 
strains from the new focus (central lsrael andor  !Vest 
Bankiand the old f a u s  (GaLlee) suggests that L. ~nfnnturn 
did not spread from the Galilee into central lsrael and the 
IYest Bank (f501: C. dafle and C Baneth. unpttblirhrdl 

Concluding comments 
The epidemiolog- of CL in lsrael and the Pdestinian 
Authority appears to be undergoing a transition. FOCI of 
L. ntajor in the cenh.al Jordan Valley that were ver? active 
in the 1960s and 1 9 a  are subsiding. perhaps as a result of 
Intensive agriculture that has fragmented the natural 
habitats of P dzsus .  the rejznwir host. However. CL 
caused bv L. tro,uira is spreading into new areas and 
threatening urban popula:ions in cities such as Tlberis;. 
lla'ale Adumim. Jericho and liabatiya. This could be a 
result of housing construction, irrigation and other 
changes that  produce favorable habitats near huinan 

. .. - .  
;;.,vii::,"> 1,;' :::.!:,:,c>, ;! :<>. . : . . . :~  :~. -: :.. -. : - ~. 

Finnll?. cmine \I is incrc-ai:rg itrrt:gb.r:i: :t+ ..-:!re 
centrai region. .%t!iovgh c:~n~cal clsezw rr:r.a:rs rare :n 
Irmel. human \1. ;; more commoz an10r.c :5e I'iie*::n:ar. . . . , .  .,. ,., . ~~. 

.>re not knovn ar.d fanher .tad? :s -c*.ied Tte  3 r e ~ j  
aBected by C'L and VL in :he Pa:cionian . i~:?cn:y ac.4 
Israel are expand:ng. and could ex-entua:li cve::ap -TCe= 
findings requtre he;gh:ened a~varcss 3r.r-r.2 ?krr:c:ans. 
\.etrrinanans and public 1:ral:l: auth2-:.:ri. x ~ d  \\-:!I 
q u i r e  good cc-operat~on betlr-el.:; t E  x-sF::::~:~ !sraei: 
and Palcstin:an authontiri .n arirr:os:l-::: ::iccir.::nx: rg  . 
spread of these d:wases. 
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THE EPIDEMIOLOGY OF CANINE VISCERAL LEISHMANIASI IN ISRAEL 
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Canine visceral leishmaniasis was reported in central lsrael in 1994. A 
database of the canine cases of visceral leishmaniasis in lsrael and the 
West Bank was constructed and analyzed for the year of diagnosis. 
geographic location and type of settlement (rural vs. urban). In all, 166 
cases of canine leishmanaisis were recorded from 1994 t o  April of 2004. 
All cases were diagnosed by positive serology and most were also 
positive by culture and/or PCR. The average annual number of cases was 
1 6  (range 1 in 1994  - 33 in 2000). These included infected dogs 
detected by passive surveillance, referrals from local veterinarians 
suspecting the disease, and by active surveillance in  foci of the disease. 
During 1994-2003, canine leishmaniasis was detected in animals from 47  
locations in  central and northern lsrael and the West Bank. Of these 
cases, 25% were from northern lsrael and 7 5 %  from the central region. 
Ninety percent of the cases originated from rural settlements and 1 0 %  
from urban settings. Nataf in the Judean hills was the location wi th the 
highest number of cases (n = 45). followed by Klil ( n  = 21  1, Nili In = 1 1) 
and Modiin-Maccabim-Reut (n=  10). The annual number of urban cases 
and the % of urban cases is gradually rising and reached 4 urban cases 
( 1 9 %  of the annual cases) in 2003. The number infected dogs is probabS-., 
underestimated since not all dogs w i th  clinical signs compatible wi th  
leishmaniasis are brought for diagnosis and because dogs can carry 
infection asymptomatically. The ratio between the number of detected 
human and canine visceral leishmaniasis cases in lsrael is about 1:lO. A 
clear overlap can be found between the regions in which canine and 
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have been found in some o f  the most active rural canine foci of the 
disease such as Nataf and Klil. 

Financial support: US-Israel Cooperative Development Research Program, 
Economic Growth. US Agency for International Development (Grant TA- 
MOU-00-C20-025) 


